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Aim: There have been substantial changes in the simulation technology landscape,
in particular virtual reality (VR), during the past decade, which have resulted
in increased abundance and decreased cost. We therefore updated a previous
meta-analysis conducted in 2011, aiming to quantify the impact of digital
technology-enhanced simulation (T-ES) compared with traditional teaching in
physicians, physicians-in-training, nurses, and nursing students.

Design: We conducted a meta-analysis consisting of randomized controlled trials
published in English between January 2011 and December 2021 in peer-reviewed
journals indexed in seven databases. Moderators for study duration, instruction,
type of healthcare worker, type of simulation, outcome measure, and study
quality rated by Medical Education Research Study Quality Instrument (MERSQI)
score were included in our model and used to calculate estimated marginal
means (EMMs).

Results: The overall effect of T-ES was positive across the 59 studies included
in the analysis compared with traditional teaching [overall effect size 0.80 (95%
Cl1 0.60, 1.00)]. This indicates that T-ES is effective in improving outcomes across
a wide variety of settings and participants. The impact of T-ES was found to be
greatest for expert-rated product metrics such as procedural success, and process
metrics such as efficiency, compared with knowledge and procedure time metrics.

Conclusions: The impacts of T-ES training on the outcome measures included in
our study were greatest in nurses, nursing students and resident physicians. T-ES
was strongest in studies featuring physical high-fidelity mannequins or centers,
compared with VR sensory environment T-ES, though there was considerable
uncertainty in all statistical analyses. Further high-quality studies are required to
assess direct effects of simulation training on patient and public health outcomes.

KEYWORDS

medical education, clinical assessment and examination, medical students, virtual reality,
high-fidelity simulation

Introduction

Technology-enhanced simulation (T-ES) allows learners to develop their knowledge
and skills without exposing real patients to potential harm. T-ES enables clinicians to train
for low-frequency, high-intensity events where other forms of medical education may not
provide a sufficiently realistic experience. T-ES also allows healthcare professionals to gain
insight into clinical practice from multiple perspectives, including that of the patient. For
example, a nationwide study in the United States concluded that high-quality simulation
experiences could substitute up to 50% of traditional clinical hours across the prelicensure
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nursing curriculum (1). This is, however, dependent on simulation
exercises being of sufficient quality, and it is therefore important
for educators to have strong supporting evidence for increased
adoption of simulation.

There are numerous potential benefits to the adoption of T-
ES: simulation could contribute to increasing both quality and
capacity of healthcare training, provided it is sufficiently realistic
with opportunities to apply learning, both of which are key themes
when frontline healthcare professionals are surveyed (2). Aside
from this, the use of high-fidelity mannequins has been shown
to encourage the development of professional identity among
nurses (3). Also, newly qualified physicians entering the hospital
environment often report feeling scared and underprepared when
facing acutely ill, predominantly elderly patients (4). Simulation has
been demonstrated to be effective in increasing medical students’
confidence when entering practice (5), and has been demonstrated
to be an effective approach for reducing anxiety and increasing
self-confidence, compared with conventional didactic teaching (6).
However, a compromise must be made between realism and cost,
whilst maintaining a level of realism appropriate to each stage
of clinicians’ professional development. High-fidelity simulation
centers featuring realistic hospital ward or surgical environments
require substantial resources alongside the clinical team: static,
specialized technology, technicians, actors and psychologists, as
well as debriefing and human factors experts (7). Therefore,
the advantages of higher-fidelity simulation must be evidence-
based, especially as low-fidelity simulation modalities that do
not feature digital technology, such as bench-top models or
standardized patients, can be a lower-cost and less resource-
intensive alternative. In particular, in the past decade, virtual reality
(VR) technology has become more attractive for educators due to a
substantial decrease in headset cost, with a simultaneous increase
in availability due to the rise of low-cost smartphone-based VR
headsets, which have combined to make T-ES more accessible
globally (8).

The main finding of the Cook et al. (9) study was that T-
ES was “consistently associated with large effects for outcomes of
knowledge, skills, and behaviors and moderate effects for patient-
related outcomes.” However, this analysis focused predominantly
on quasi-experimental studies or randomized studies with no
intervention control groups.

Today, the technology landscape is markedly different than
what existed when Cook et al. (9) was conducted, as both VR
and smartphone technology was still relatively novel at that
time, and potentially beyond the means of medical educators
particularly in low-to-middle-income countries. We aimed to
update the results of Cook et al. (9) in light of the latest
simulation technology and novel research. We also used more
focused search criteria and improved statistical methodology,
focusing on studies with traditional education control groups and
using estimated marginal means (EMM:s) to assess the efficacy of
simulation across subgroups within the included studies. Here,
we provide an evidence-based assessment of T-ES compared with
traditional training using a meta-analysis framework. Our analysis
is especially important as few reviews published since Cook et al.
(9) have focused on simulation in physicians practicing non-
surgical specialties.
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Methods

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) (10) guidance was followed throughout
this meta-analysis. Our inclusion criteria followed the PICOS
(Population, Intervention, Comparison, Outcomes and Study
design) framework. Included participants were physicians,
physicians-in-training, medical students, nurses or nursing
students. Interventions were any type of digital high-fidelity
mannequin or simulation center, VR, defined as exploration
and manipulation of computer-generated three-dimensional
(3D) sensory environments; and virtual patient (VP) simulation,
where learners interact with computerized patient cases and
scenarios. We excluded low- or mid-fidelity studies, those featuring
real-life standardized patients, and computer-based e-learning
studies, which were beyond our definition of T-ES as we aimed
to incorporate the latest interactive digital technology. The
comparator was equivalent traditional teaching on the same
topic. Outcome measures were clinical skills or procedural quality
assessed by expert raters, patient health outcomes, knowledge
assessed by written examinations, and time metrics. To meet our
inclusion criteria, post-tests conducted immediately after either
T-ES or didactic training were not conducted in T-ES settings, in
order to assess transfer of skills.

We based our search strategy on Cook et al. (9), and made
minor alterations as advised by an academic librarian. Detailed
search terms are provided in Supplementary Appendix 1. A filter
for studies published between January 2011 and December 2021
was applied to all searches, to incorporate those published in decade
following Cook et al. (9).

We performed a search of seven literature databases: MEDLINE
(n results = 14,876), Embase (n = 4,903), Scopus (n = 5,044),
Web of Science (n = 4,095), PsycINFO (n = 1,267), CINAHL
(n = 7,504), and ERIC (n = 681), which was conducted in April
and May 2022 (Figure 1), with the last search carried out on May
31st, 2022. Reference lists of all studies meeting the inclusion
criteria were searched, however no additional suitable studies were
identified. Potentially relevant studies were recorded and once all
searches were complete, studies were assessed against eligibility
criteria. Post-test data were then extracted from intervention and
control groups of suitable studies and added to a pre-prepared
spreadsheet. All suitable outcome measures (expert ratings of
process or product measures, patient outcomes, time or knowledge
scores) reported as a mean value with standard deviation (SD), or
information that could be used to calculate SD, were extracted from
each paper. Any papers which did not contain suitable data for
calculating standardized mean differences (SMDs)—for example,
only providing p-values or median data—were excluded. Data
analysis was conducted using a random-effects multilevel meta-
analysis method, in order to account for multiple non-independent
effect sizes within each study, for example multiple expert ratings
of different aspects of the same procedure. The metafor (11) 3.9
package for R (12) 4.2.2 was used for meta-analysis, with the
orchaRd (13) 2.0 package used for data visualization. Emmeans
(14) 1.8.2 was used to calculate EMMs. dmetar (15) 0.0.9 was used
to calculate heterogeneity across the multilevel model. An overall
effect size was calculated using all outcome measures, followed by
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FIGURE 1
PRISMA flow chart—of 38,370 studies screened, 3,940 abstracts were searched in detail, of which 449 were duplicates—59 studies were included
overall, with 136 individual effect sizes analyzed.

moderator and EMM analyses. R script used for the meta-analysis
can be found in Supplementary Appendix 3.

We excluded quasi-experimental studies as scores at baseline
and post-test are not independent, and many single-group pre-
test/post-test studies do not report correlation values, which are
required to calculate SMDs. Between-group SMDs also better
account for confounding effects due to individual differences
between participants (16). We also did not pool SMDs sizes using
subgroup analyses as these can be liable to various statistical and
methodological issues such as a failure to reflect uneven sample
sizes, spurious correlations with other variables and inflated type-
I errors (17). We instead used moderator analysis and EMMs
to evaluate the included studies. Moderators for study duration,
instruction, type of healthcare worker, type of simulation, outcome
measure and study quality rated by Medical Education Research
Study Quality Instrument (MERSQI) score were included in our
model and used to calculate EMMs.

All studies were appraised using the MERSQI (18), a validated
instrument which has been demonstrated to be reliable in similar
studies (19)—this was used to examine whether there was any
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statistically significant relationship between study quality and effect
size. Publication bias, time-lag bias (when the results of negative
trials take substantially longer to publish than positive trials), and
small study bias tests were performed by fitting mean-centered year
and effective sample size as moderators using a meta-regression
method suitable for high-heterogeneity multilevel meta-analyses
(20). Funnel plots were not used due to subjectivity, whilst the
trim-and-fill method was not used as its performance is especially
poor when there is between-study heterogeneity and no publication
bias (21).

Results

Overall, 59 studies met our inclusion criteria and were
included in the meta-analysis, which produced 136 individual effect
sizes (Supplementary Figure 1 and Supplementary Appendix 2).
We found the mean SMD was 0.80 [(95% CI 0.60, 1.00), I?> = 84.6%,
p < 0.0001]—an effect size 0.8 is considered “large”. The mean
of the T-ES group is at the 79th percentile of the didactic group,
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therefore a participant from the T-ES group with a mean score
for that group would obtain a higher score than 79% of the
participants from the didactic group (22). Details of individual
study methodologies can be found in Supplementary Table 1.
The mean Medical Education Research Study Quality Instrument
(MERSQI) score was 12.8 (£2.48) out of a possible 18, indicating
that study quality was generally high.

Total heterogeneity was considerable (I> = 84.6%), of which
52.6% was due to between-study heterogeneity and 32% was from
heterogeneity between the individual effect sizes. A moderator test
for publication bias and time-lag bias was conducted, which was not
statistically significant [estimated effect size —0.10 (95% CI —0.27,
0.065), p = 0.23; —0.028 (—0.10, 0.045), p = 0.45]. Moderator
analysis also confirmed that there was no statistically significant
impact of study quality (MERSQI score) on the overall effect size
[—0.11 (—0.26, 0.031), p = 0.12], which means that lower-quality
studies did not contribute to an unduly strong effect size.

The impact of T-ES across our included outcome measures
was found to be greatest in nurses and nursing students [n = 20,
EMM 1.11 (0.55, 1.67)] and residents [n = 59, 0.92 (0.57, 1.27)],
and smallest in medical students [n = 44, 0.55 (0.11, 1.00)]
and physicians in practice [n = 13, 0.64 (-0.16, 1.44)]. High-
fidelity mannequins or physical environments [n = 52, 0.90 (0.51,
1.28)] were then compared to studies featuring simulated VR
environments [n = 77, 0.70 (0.36, 1.03)]. VP case-based T-ES
demonstrated the greatest EMMs of any modality [n =7, 1.28 (0.46,
2.10)], though this result should be interpreted with caution due to
a small sample size and below-average MERSQI scores (range 9.5—
11.5). Lastly, average scores were greater when T-ES training was
carried out over more than 1 day [0.94 (0.63, 1.24)], compared with
single-day exercises [0.58 (0.19, 0.96)], which may suggest a dose-
response relationship where a greater duration of T-ES training
leads to greater scores in our included outcome measures.

Discussion

This meta-analysis included a diverse range of relevant
outcome measures over three different high-fidelity simulation
modalities—high-fidelity mannequins and centers, VR and VPs—
and physicians and nurses at all stages of training. The overall
effect size of 0.80 [0.60, 1.00] shows a strong immediate effect of
T-ES training when translated to knowledge scores, clinical settings
involving real patients, and dexterous surgical tasks involving
cadaver or porcine models. These results support the consensus that
high-fidelity simulation is best suited to refining performance as
opposed to knowledge, with the largest effects shown for process
and product outcomes as opposed to time or knowledge. Broadly,
this suggests that T-ES can contribute to improving patient care and
prepare healthcare trainees for unfamiliar situations.

In comparison with the Cook et al. (9) study, we found an EMM
of 0.55 [0.16, 0.94] for knowledge outcomes (written examination
assessments on the topic of interest), compared with a pooled effect
size of 1.20 [1.04, 1.35]. Scores for expert-rated outcomes assessed
in real patient cases, cadaver or animal models were notably similar:
1.16 [0.84, 1.48], compared with 1.18 [0.98, 1.37] in the Cook
et al. (9) analysis. The EMM for process metrics was 0.92 [0.52,
1.33] compared with a pooled effect size of 1.09 [1.03, 1.16], and
0.57 [0.16, 0.99] compared with 1.14 [1.03, 1.25] for time skills.
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It is notable that these effects were similar despite methodological
differences, principally that we evaluated studies with didactic
teaching control groups, as opposed to the no intervention control
groups evaluated in the Cook et al. (9) analysis, something that has
been a criticism of previous analyses (23). However, as no overall
effect size was provided in the Cook et al. (9) analysis, we are
unable to make a direct comparison, but we can state that T-ES
remains relevant in achieving desired learning outcomes despite the
increasing abundance of technology in the past decade.

Evidence has suggested that low-fidelity simulation is most
impactful in building knowledge, whilst higher-fidelity simulation
is best used to develop performance and action (24). It is
important to note that one recent economic analysis found that
VR training required 22% less time than more traditional high-
fidelity simulation to achieve the same learning outcomes, at a
40% lower cost (25). This must be considered in the context of
evidence that when trainees are exposed to high-fidelity simulation
at an early stage, this may lead to overconfidence relative to lower-
fidelity interventions (26). This is supported by the results of
another recent meta-analysis (27) of 8 VR studies, which found
only a medium effect size for knowledge outcomes [0.44 (0.18,
0.69)]. Interestingly, we also found that the average effect of T-
ES was greater when no instruction was given simultaneously by
clinical academics [EMM 1.13 (0.71, 1.55)], compared to when
instruction was given [0.60 (0.31, 0.89)]. However, as this study only
assessed immediate post-test results, we cannot determine if this is
a longer-term effect on retention following simulation training. In
the existing literature, a progressive curriculum from low-fidelity
to high-fidelity simulation has been shown to be effective (28),
where more inexperienced students learn with minimal extraneous
stimuli until reaching proficiency, preventing cognitive overload.
This is also something we lacked the statistical power to examine.

Due to limited randomized studies with suitable control groups,
we lacked the statistical power to make definitive comparisons
between types of simulation or healthcare professionals using
EMMs. This was apparent when examining a difference in
outcomes of T-ES between physicians at each stage of training,
or between physicians and nurses, as almost three-quarters of
included studies evaluated physicians-in-training, it was difficult
to draw statistically powerful conclusions, something that is also
highlighted by a relative lack of reviews evaluating simulation in
practicing physicians.

Conclusion

We used a broad search strategy to synthesize 59 generally high-
quality randomized studies to contribute to the evidence base for
simulation in diverse healthcare settings.

We found that skills and knowledge developed during T-ES
are generally transferable to other settings across physicians and
nurses at all stages of training, types of high-fidelity simulation
modality and numerous clinical specialties. However, this must
be considered with considerable uncertainty and heterogeneity
taken into account. Differing inclusion criteria, study designs and
statistical methodology mean that fair and direct comparisons with
Cook et al. (9) are difficult.

With a tendency to focus on novel, rapidly advancing
technologies such as VR, existing simulation modalities such
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as low-fidelity bench-top models or simulated patients may
perhaps not receive equal consideration. Lower-fidelity methods
can still achieve the desired learning outcomes, especially in more
inexperienced trainees. There remains a clear need to identify
whether simulation is effective in improving the quality and
scalability of medical education, and care delivered to patients,
relative to lower-fidelity, less expensive interventions.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary material, further inquiries can be
directed to the corresponding author.

Author contributions

AM devised the study concept, conducted the literature
searches, and drafted the first version of the manuscript. AM and
EI-C conducted the meta-analysis and redrafted the manuscript.
Both authors contributed to the article and approved the
submitted version.

Acknowledgments

Our acknowledgments go to Matthew Smith, who provided
helpful and detailed guidance throughout the literature search

References

1. Alexander M, Durham CE Hooper JI, Jefiries PR, Goldman N, Kesten KS, et al.
NCSBN simulation guidelines for prelicensure nursing programs. J Nurs Regul. (2015)
6:39-42. doi: 10.1016/S2155-8256(15)30783-3

2. Nash R, Harvey T. Student nurse perceptions regarding learning
transfer following high-fidelity simulation. Clin Simul Nurs. (2017) 13:471-7.
doi: 10.1016/j.ecns.2017.05.010

3. Handeland JA, Prinz A, Ekra EMR, Fossum M. The role of manikins in nursing
students’ learning: A systematic review and thematic metasynthesis. Nurse Educ Today.
(2021) 98:104661. doi: 10.1016/j.nedt.2020.104661

4. Callaghan A, Kinsman L, Cooper S, Radomski N. The factors that influence
junior doctors’ capacity to recognise, respond and manage patient deterioration in
an acute ward setting: An integrative review. Aust Crit Care. (2017) 30:197-209.
doi: 10.1016/j.aucc.2016.09.004

5. Watmough S, Box H, Bennett N, Stewart A, Farrell M. Unexpected medical
undergraduate simulation training: can unexpected medical simulation scenarios help
prepare medical students for the transition to foundation year doctor? BMC Med Educ.
(2016) 16:1-9. doi: 10.1186/s12909-016-0629-x

6. Silva GO, de Oliveira FS, Coelho ASG, Cavalcante AMRZ, Vieira FVM, Fonseca
LMM, et al. Effect of simulation on stress, anxiety, and self-confidence in nursing
students: Systematic review with meta-analysis and meta-regression. Int ] Nurs Stud.
(2022) 133:104282. doi: 10.1016/j.ijnurstu.2022.104282

7. Viggers S, Ostergaard D, Dieckmann P. How to include medical students
in your healthcare simulation centre workforce. Adv Simul. (2020) 5:1.
doi: 10.1186/s41077-019-0117-6

8. Pottle J. Virtual reality and the transformation of medical education. Future
Healthc ]. (2019) 6:181. doi: 10.7861/thj.2019-0036

9. Cook DA, Hatala R, Brydges R, Zendejas B, Szostek JH, Wang AT,
et al. Technology-enhanced simulation for health professions education: A
systematic review and meta-analysis. | Am Med Assoc. (2011) 306:978-88.
doi: 10.1001/jama.2011.1234

Frontiersin Medicine

10.3389/fmed.2023.1149048

process and to Susanne Lindqvist (both University of East Anglia)
for kindly reviewing the manuscript.

Conflict of interest

The authors declare that the research was conducted
in the absence of any commercial or financial relationships
that could Dbe
of interest.

construed as a potential  conflict

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of
their those of the publisher,
the editors and the reviewers. Any product that may be

affiliated organizations, or

evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.2023.
1149048/full#supplementary-material

10. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: An updated guideline for reporting systematic reviews.
Syst Rev. (2021) 10:89. doi: 10.1186/s13643-021-01626-4

11. Viechtbauer W. Conducting meta-analyses in R with the metafor package. J Stat
Softw. (2010) 36:1-48. doi: 10.18637/jss5.v036.i03

12. R Foundation for Statistical Computing. R: A Language and Environment for
Statistical Computing. (2022). Available online at: https://www.r-project.org/ (accessed
September 5, 2022).

13. Nakagawa S, Lagisz M, O’Dea RE, Rutkowska ], Yang Y, Noble DW, et al. The
orchard plot: Cultivating a forest plot for use in ecology, evolution, and beyond. Res
Synth Methods. (2021) 12:4-12. doi: 10.1002/jrsm.1424

14. Emmeans. Estimated Marginal Means, Aka Least-Squares Means, R Package
Version 1.8.0. (2022). Available online at: https://cran.r- project.org/package=emmeans
(accessed August 24, 2022).

15. dmetar. Companion R Package for the Guide “Doing Meta-Analysis in R”. (2022).
Available online at: http://dmetar.protectlab.org/ (accessed September 7, 2022).

16. Cuijpers P, Weitz E, Cristea IA, Twisk J. Pre-post effect sizes should
be avoided in meta-analyses. Epidemiol Psychiatr Sci. (2017) 26:364-8.
doi: 10.1017/S2045796016000809

17. Dijkman B, Kooistra B, Bhandari M. How to work with a subgroup analysis. Can
J Surg. (2009) 52:515-22.

18. Reed DA, Cook DA, Beckman TJ, Levine RB, Kern DE, Wright SM. Association
between funding and quality of published medical education research. J Am Med Assoc.
(2007) 298:1002-9. doi: 10.1001/jama.298.9.1002

19. Cook DA, Reed DA.

education research methods: the
Quality Instrument and the
Acad Med. (2015) 90:1067-76. doi:
00786

Appraising  the quality of medical
Medical Education Research  Study
Newcastle-Ottawa Scale-Education.
10.1097/ACM.00000000000

frontiersin.org


https://doi.org/10.3389/fmed.2023.1149048
https://www.frontiersin.org/articles/10.3389/fmed.2023.1149048/full#supplementary-material
https://doi.org/10.1016/S2155-8256(15)30783-3
https://doi.org/10.1016/j.ecns.2017.05.010
https://doi.org/10.1016/j.nedt.2020.104661
https://doi.org/10.1016/j.aucc.2016.09.004
https://doi.org/10.1186/s12909-016-0629-x
https://doi.org/10.1016/j.ijnurstu.2022.104282
https://doi.org/10.1186/s41077-019-0117-6
https://doi.org/10.7861/fhj.2019-0036
https://doi.org/10.1001/jama.2011.1234
https://doi.org/10.1186/s13643-021-01626-4
https://doi.org/10.18637/jss.v036.i03
https://www.r-project.org/
https://doi.org/10.1002/jrsm.1424
https://cran.r-project.org/package=emmeans
http://dmetar.protectlab.org/
https://doi.org/10.1017/S2045796016000809
https://doi.org/10.1001/jama.298.9.1002
https://doi.org/10.1097/ACM.0000000000000786
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Mitchell and Ivimey-Cook

20. Nakagawa S, Lagisz M, Jennions MD, Koricheva J, Noble DW, Parker TH, et al.
Methods for testing publication bias in ecological and evolutionary meta-analyses.
Methods Ecol Evol. (2022) 13:4-21. doi: 10.1111/2041-210X.13724

21. Peters JL, Sutton AJ, Jones DR, Abrams KR, Rushton L. Performance of the trim
and fill method in the presence of publication bias and between-study heterogeneity.
Stat Med. (2007) 26:4544-62. doi: 10.1002/sim.2889

22. Sullivan GM, Feinn R. Using effect size — or why the P value is not enough. ] Grad
Med Educ. (2012) 4:279-82. doi: 10.4300/JGME-D-12-00156.1

23. Norman G, Dore K, Grierson L. The minimal relationship between
simulation fidelity and transfer of learning. Med Educ. (2012) 46:636-47.
doi: 10.1111/§.1365-2923.2012.04243.x

24. Kim J, Park JH, Shin S. Effectiveness of simulation-based nursing

education depending on fidelity: A meta-analysis. BMC Med Educ. (2016) 16:1-8.
doi: 10.1186/512909-016-0672-7

Frontiersin Medicine

06

10.3389/fmed.2023.1149048

25. Bumbach MD, Culross BA, Datta SK. Assessing the financial sustainability of
high-fidelity and virtual reality simulation for nursing education: A retrospective case
analysis. Comput Inform Nurs. (2022) 40:615-23. doi: 10.1097/CIN.0000000000000916

26. Massoth C, Rdder H, Ohlenburg H, Hessler M, Zarbock A, Pépping DM, et al.
High-fidelity is not superior to low-fidelity simulation but leads to overconfidence in
medical students. BMC Med Educ. (2019) 19:1-8. doi: 10.1186/s12909-019-1464-7

27. Kyaw BM, Saxena N, Posadzki P, Vseteckova J, Nikolaou CK, George PP, et al.
Virtual reality for health professions education: Systematic review and meta-analysis
by the digital health education collaboration. ] Med Internet Res. (2019) 21:e12959.
doi: 10.2196/12959

28. Mills BW, Carter OBJ, Rudd CJ], Claxton LA, Ross NP, Strobel
NA. Effects of low- vs. high-fidelity simulation on the cognitive burden
and performance of entry-level paramedicine students: a mixed-methods
comparison trial. Simul Healthc. (2016) 11:10-8. doi: 10.1097/SIH.00000000000
00119

frontiersin.org


https://doi.org/10.3389/fmed.2023.1149048
https://doi.org/10.1111/2041-210X.13724
https://doi.org/10.1002/sim.2889
https://doi.org/10.4300/JGME-D-12-00156.1
https://doi.org/10.1111/j.1365-2923.2012.04243.x
https://doi.org/10.1186/s12909-016-0672-7
https://doi.org/10.1097/CIN.0000000000000916
https://doi.org/10.1186/s12909-019-1464-7
https://doi.org/10.2196/12959
https://doi.org/10.1097/SIH.0000000000000119
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

	Technology-enhanced simulation for healthcare professionals: A meta-analysis
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


